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PV HISTORY: LESSONS FOR THE FUTURE 

SPECTROLAB, INC. 

E.L. Ralph 

PV Program Characteristics 

• Credibility at high level 

t Practicality has been emphasized 

a Large scale application proven feasible 

t Large technology base (industry^ university^ government) 

• Terrestrial industry established 

• Pride in being part of it 

Early Planning and Goals 

• Conventional silicon technology $2/Hp (1975 %) 

9 Advanced silicon technology $0.50/Hp " 

• Future potential $0.30/Wp * 

• Markets change as prices decrease 

REMOTE LDC villages ♦ RESIDENTIAL ♦ POWER STATIONS 

• Industry must be well established 
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PV Program History 

• Based on strong space technology (60 's) 

• Struggling sour energy society provided background 

• 'A PU\N* presented to IEEE/PSC (1970) 

• NSF/RANN PROGRAM set goals (1971) 

• NSF/FEA project independence blueprint report (197A) 

• ERDA 10 YEAR PLAN INITIATED (1976) 

Major Accomplishments 

• Firm PV remote market established 

• $10/Wp MODULE IN production 

• $2.80/Vlp MODULE TECHN0L06V READY 

* • Dichlorosilane silicon process developed and being applied 

Costs reduced factor of 3 and capacity doubled 

• • Large CZ crystal growth furnaces available 

Melt replenishment, automation, A-6 inch dia. 

• Several silicon sheet technologies demonstrated 

• Module durability improved - field test data available 
t System studies indicate photovoltaics can compete 

• Also provided significant benefits to overall semiconductor industry 
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Lessons for the Future 

• The task ahead is large (high volume low cost) 

f Time scale longer than predicted (> 15 years) 

Budget constraints^ capital investment^ market growth^ oil glut 

• Plans must be modified and become more selective 
t Old projections and goals must be reevaluated 

• Maintain credibility and relevance (be practical) 

• Research orientation probably appropriate 

Accelerated program would be wasteful 
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Research Objectives 

• Increase efficiency 


• Lower materia:, cost 


• Avoid duplication (government and industry) 
t Emphasize high risk/high payoff 


Research Needs 

• MAJOR ADVANCEMENTS FROM CURRENT TECHNOLOGIES 
(20-252 efficiency single or semi-crystal Si or GaAs) 

• modelling and device design (INC. EFF.) 

• MATERIAL STUDIES 

• device/module PROCESSES 

• ANALYTICAL METHODS 

• RELIABILITY PHYSICS 

• ADVANCEMENTS FROM *NE)(T STEP* TECHNOLOGIES 

(12-172 EFFICIENCY THIN FILM POLYCRYSTALLINE MATERIALS) 

• MATERIAL STUDIES Si, CdTe, ZnP, GaAs, InP, CuInSe2 

• EFFICIENCY IMPROVEMENT 

• CRYSTAL BOUNDARY EFFECTS 

• STABILITY PHYSICS 

• ADVANCEMENTS FROM *URGE STEP* TECHNOLOGIES 

(25-502 EFFICIENCY ADVANCED CONCEPT CELL DESIGNS) 

• MULTI-BANDGAP APPROACHES 

• SUPERLATTICE STRUCTURES 


. . ^ r f s ,1 ^ 

t . -.^c- t»3 

OF POOR QUALITY 

UTILITIES PERSPECTIVE 

ELECTRIC POWER RESEARCH INSTITUTE 
R.W. Taylor 

"Would you tell MEi please^ which way 

I OUGHT TO GO FROM HERE?" 

"That depends a good deal on where 

YOU WANT TO GET TO.' 


Lewis Carroll 


Weekly U.S. Electric Consumption 
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ORlGl^r.L PA : i 
OF POOR QUAUTY 


The Solar Equation 


Load Forecasts 
Energy Dlsploceaent 
CoMclty Dlsploceaent 
mx Reopt tiuot ton 
TiO Design 


Rote Structures 

Flnonclng 

Incentives 

Enviroraent 

Okoership 

Sofety 



Systea RelioMIlty 
Reserve Norgtn 
Nointenonce 
DlspotcD 

Meother Forecosting 


Plant Construction 
TiO Construction 
Performnee Chorocterlstlcs 
Solar Power Device 
Interfoce Coaponents 
Existing Systea 

Cost 


EfCRGY 

displaced 

lO^TU 

»P 


PV 

CAPACITY 

FACTOR 


PV Value Analysis Comparison 
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Conventional Plant Characteristics (1982 $) 



COAL 

OIL 


(Subcrltlcal SOONI) 

(CoiOlned Cycle 25aHH) 

TOTAL CAPITAL REQUIfCIEIIT 

$U13-1246/kN 

$496-653/kH 

FIXED OlH 

$14.9-19.5/kM-yr 

$6.2-8.7/Mi-yr 

VARIABLE OtH 

$O.OQ24-0.0054/kNh 

M.0014-0.0Q21/kMh 

HEAT RATE 

9970-10410 

8600-8685 

FUEL COST 

W.50-2.60/10^ BTU 

$6.00-8.00/10^ BTU 

REAL ESCALATION 

IX/yr 

0-3X-yr 

INFLATION 8.5Z/yr 

DISCOUNT RATE 12.5X/yr 

FCR - 0.18 


PLENARY SESSION: R.W. TAYLOR ^ 

Range of Costs for Two New Generation Sources 



Additional Sources of Competition 

§ Iteit Baseloao Capacity 

• Increased Regional Power Pooling 

• Conservation and Load Hanagement 

• Storage 
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OH‘C;.vAI P.:i, c 

OF POOR QUALITY 
Critical PV S stem Parameters 


System Efficiency 
System Cost 

System Vaune 


^ Noouus X ^BOS 
Q Nooules *■ $B0S!]D^1noirec^^ SOtN 

F (Utilityj Perfonnance) 


Project Cost by Cost-Account Categories 
of Current Experiments 
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OR!C!'CAL PAGE 13 

OF POOR QUALITY 


Central-Station Balance-of-System Cost Summary 
(December 1982 $) 


Item Flat Plate Concentkator 



l/N^ 

$/KW 

t/N^ 

t/KM 

Array Structure 

23.6 


• 


Nodule Installation 

7.1 


13 


Foundation 

5.3 


17 


Land 

1.0 


2.6 


Site Preraration 

8 


15 


Roads« Fences* Oticr Civil 

1.7 


2.9 


DC Subsystem 


29 


73 

Power Conditioning 


93 


93 

AC Subsystem 


12 


15 

Switchyard 


19 


19 

Station Power 

0.3 


0.8 


Instrumentation 

1 


3.5 


Grounding 

0.9 

1 

1.3 


Surge Protection 

<1 


9 


Total BOS Field Cost 

58 

193 

60 

liT 


*Array Structure I Tracking Included with Nodule Cost 


Balance-of-System Efficiencies 1%) 


Item 

Flatplate 

Concentrator 

Nodule Degradation 

95 

95 

Dirt Accumulation 

95 

95 

Nodule Ni snatch 

97 

97 

Interarray Shadowing 

98,5 

99.9 

DC Subsystem 

99.9 

98.9 

Power Conditioning 

95 

95 

AC Subsystem 

99.5 

99 

Switchyard 

99 

99 

rioN Power 

99.9 

99.9 

TOTAL 

SO 

80 
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Operating and Maintenance <$/iT>2-yr) 


ITEM 

ELAIELAIE 

CONCEHTRATOR 

Operators 

0.5A 

0.54 

Plant Haintenance 

0.96 

1.36 

Array Cleaning Pw1/no) 

0.51 

0.51 

Module Replacement (0.2Z/yr) 

0.27 

0.28 


2.28 

2.69 


Indirect Costs 


Owner's Costs 6Z 

(excluding land) 

A t E Fee EZ 

(minimal module checkout) 

ContingIencv 20Z 

Interest During Construction 12Z 


(3 VR CONSTRUCTION PERIOD) 

50Z 


OK 


PQOiri 
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Flat-Plate Cost-Efficiency Tradeoff 



fttDUU COST 

(t/n2) 


OF POOR 


I-.; 

qUhUTV 


f 

\ 

\ 

E 

it 

I 
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ft 


OF POOR QUALITY 

Comparison of Typical Efficiency Ranges 


Theoretical Possible 

Laboratory Prototype Cells 
Field Trial Prototype Cells 
Commercial Cells 

Commercial Modules i — 


s 
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Daily Performance of Lovington Array During 1981 
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